The effect of two Rec-mutations (AB2463 and JC1553) on the ability of a cell to accept, maintain, and express the colicinogenic factors ColEl , ColE2, and ColV was examined in Escherichia coli. These mutations had no observable effect on the colicinogenic properties of the ColV factor, but prevented the spontaneous and induced production of colicins E1 and E2 ultraviolet light and X-irradiation (3, 14). In addition, when these Rec-mutants carry the X prophage, they are unable to produce X phage either spontaneously or in response to ultraviolet-light irradiation (2, 10, 13). Because of the similarities between the ColE1 and ColE2 factors and X prophage, an examination of the effect of Rec-mutations on the properties of these Col factors was carried out. This report consists of a description of the effect of two Rec-mutations on the maintenance and phenotypic expression of colicinogenic factors ColE1 , ColE2 , and CoIV.
Colicinogenic factors (Col factors) are extrachromosomal genetic elements that determine the production of extracellular, antibiotically active proteins termed colicins. Studies on the genetic behavior of these factors in Escherichia coli have revealed that they represent two distinguishable types. CoIV and Coll have the properties of sex factors (4, 5, 9, 15) . ColE1 and ColE2 do not exhibit sex-factor characteristics and do not appear to interact with the bacterial chromosome; therefore, they can be considered as bacterial plasmids (5, 15, 17) . In the accompanying paper (12) , a correlation has been demonstrated between the sex-factor properties of certain Col factors and their nonsusceptibility to induction by mitomycin C. ColE1 and ColE2 can be readily induced by mitomycin C, but ColV and Coll are resistant to induction by this agent. The induced production of colicin El has been shown (7) to be accompanied by an increase in the amount of ColEl factor deoxyribonucleic acid (DNA).
The noninduced state of the ColE, and ColE2 factors resembles the X prophage state in that these Col factors are normally dormant with regard to active colicin production, but they are readily induced to synthesize colicin by agents that are effective inducers of the vegetative state of X phage. Recently, recombination-deficient (Rec-) mutants of E. coli have been isolated and shown to be highly sensitive to ultraviolet light and X-irradiation (3, 14) . In addition, when these Rec-mutants carry the X prophage, they are unable to produce X phage either spontaneously or in response to ultraviolet-light irradiation (2, 10, 13) . Because of the similarities between the ColE1 and ColE2 factors and X prophage, an examination of the effect of Rec-mutations on the properties of these Col factors was carried out. This report consists of a description of the effect of two Rec-mutations on the maintenance and phenotypic expression of colicinogenic factors ColE1 , ColE2 , and CoIV.
MATERIALS AND METHODS
Organisms. The bacterial strains used in these studies are described in Table 1 . The sources of ColE1, ColE2, and ColV in the various colicinogenic strains are E. coli K-30, Salmonella typhimurium LT2 cysD36 (ColE2), and E. coli K-94, respectively. SD2042, a Rec+ revertant of AB2463, was isolated by the procedure of Clark and Margulies (3).
Media. The nutrient broth, soft agar, and hard agar employed in these studies have been described previously (15) . The M-9 Casamino Acids medium is described in the accompanying paper (12) . When necessary, streptomycin was added at a final concentration of 250 ,g/ml.
Transfer of colicinogeniic factors. Transfer of ColE, and ColV was carried out as described previously (15) . Donor and recipient strains were mixed at a 1:1 ratio in nutrient broth and incubated at 37 C for 2 hr. ColE2 transfer from the E. coli ColE2+ strains was promoted by the Coll factor of the LT2 cysD36(ColI) strain according to the method of Smith, Ozeki, and Stocker (20) . The 2 X 108 cells per ml. The culture was then incubated at 37 C with agitation for 2 hr. At the end of this time, chloroform was added to the culture, and a sample was removed, serially diluted in nutrient broth, and tested for colicin activity as described above. An E. coli K-12 derivative, YS40, was employed as the indicator strain.
Irradiation of male cells and indirect induction of a colicinogenic recipient. Overnight cultures of the donor and recipient strain, grown in M-9 Casamino Acids medium, were diluted to 108 cells per ml in the M-9 medium and grown to a concentration of 5 X 108 cells per ml; 10 ml of the donor culture was placed in a culture dish and irradiated for 30 sec with a General Electric G815 lamp from a distance of 25 cm while swirling the culture. The irradiated donor cells and the recipient cells were mixed at a ratio of 1:1 and incubated at 37 C in the dark for 2 hr. The mating mixture was then chilled, chloroform was added, and serial dilutions were prepared for colicin assay. immune to colicin E2 (Table 4) . It is of interest that the ColE1 factor induces a partial immunity to colicins E2 and E3. The ColE2 factor is more specific in that the immunity is directed only towards colicin E2 . Indirect ultraviolet-light induction of ColE2. To obtain an insight into the question of the direct or indirect nature of the inducing effect of ultraviolet irradiation, mating conditions similar to those employed by Borek and Ryan (1) to induce indirectly a X-lysogenic F-recipient bacterium were tested with an F-recipient carrying the ColE2 factor. Mating of an ultraviolet-irradiated HfrH or C600 F+ strain with the F-colicinogenic strain W3110 (ColE2) resulted in an induced production of colicin E2 (Fig. 1) . Unirradiated males or an irradiated C600 F-strain failed to induce E2 production when mated with the W3110 (ColE2) strain. The indirect ultraviolet induction of colicin E2 production was approximately 25 to 35 % of the level of colicin production induced by the direct ultraviolet irradiation of W3110 (ColE2). Irradiation of a Rec-F+ donor strain (Fig. 2) (19) that the colicin activity observed for noninduced cultures of cells possessing ColE1 or ColE2 is due to the spontaneous production of colicin by a small percentage of the cell population, and induction conditions result in a much larger percentage of the population producing colicin.
RESULTS

Transfer of
The failure of the Rec-mutations to prevent colicin V production suggests a difference in the mechanisms of regulation of the production of colicins El, or E2, and colicin V. Differences in the mechanisms of activation of ColV and ColEl or ColE2 with regard to colicin production are also suggested by the ineffectiveness of mitomycin C as an inducer of colicin V production (12) . The molecular basis for the effect of Recmutations on the spontaneous and induced X production is not known. Recently, several hypotheses have been proposed to account for the action of these mutations (2, 13). These hypotheses have been largely based on a model proposed by Goldthwait and Jacob (11) to account for the induced production of X phage. In this model, the induction of X phage production is considered to result from the inactivation of the X repressor by a low-molecular-weight precursor of DNA that accumulates as a result of the inhibition of DNA synthesis by an inducing agent. It has been suggested that the product of the Rec+ gene is involved in the conversion of the hypothetical DNA precursor into the substance responsible for the inactivation of the X repressor (2) . In the case of colicinogenic factors ColE1 and ColE2, there is no evidence for the involvement of a cytoplasmic repressor in the process controlling the activation of these Col factors. In fact, the failure to observe the induction of colicin production or loss of viability in the recipient (17) (6) . The requirement for a rec gene product for the induction of ColE1 and ColE2 may be due to a role for this product in the enzymatic formation of the inducing agent from the irradiated DNA. Thus, the rec gene could be considered as determining an enzyme that is involved in the formation of an inducing agent from ultraviolet-damaged DNA. Regardless of the mechanism involved, it is clear that the induction of ColE1 and ColE2 does not require a direct effect of ultraviolet light on these colicinogenic factors.
